Implantable Prosthesis for Repairing Hernia Defects 

The invention relates to an implantable prosthesis for repairing hernia de- 
fects or comparable soft tissue defects, comprising a basic structure of 
5 meshed, in particular knitted, layer material which is deformable into a 
plug-type insert capable of being positioned in the hernia defect. 

Prostheses of the generic type, which are termed "hernia plugs" in technical 
jargon, come in lots of varying designs. By way of example, reference can 

1 0 be made to US 5,7 1 6,408 which discloses a hernia plug that consists of 
conical plug elements nested into each other. By pleating, the plug ele- 
ments are provided with a conical, pleated wall. In this regard, the dis- 
closed hernia plug is particularly complicated in construction and manufac- 
ture, each element having to be pleated conically and the individual ele- 

15 ments then having to be fitted into, and then fixed to, each other. 

It is an object of the invention to embody an implantable prosthesis for 
hernia-defect repair in such a way that it is structured significantly less 
complicated without suffering any major losses of therapeutical effect and 
20 fabricable at a correspondingly low construction cost, its handleability dur- 
ing implantation being convenient and safe. 

This object is attained by the features specified in the characterizing part of 
claim 1 . Accordingly, the basic structure of the prosthesis is comprised of a 
25 blank that is cut from the layer material in a shape preferably ranging from 
round to oval and arranged in parallel concertina pleats. In this regard, as 
compared to the prior art, there is the advantage that only one layer of ma- 
terial is needed for the manufacture of the basic structure. 
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The concertina pleats, which are available according to the invention, are 
fixed only approximately centrally as related to the selected direction of 
extension by a fixing arrangement that passes through the pleats in such a 
way that the basic structure, in its undeformed position of rest, is approxi- 
5 mately hourglass-shaped in a plan view. The waist of that configuration is 
produced by the fixing arrangement of the pleated layers, from where the 
concertina pleats extend more or less strongly toward the edge of the blank, 

From a handling point of view, this configuration of a prosthesis is particu- 
1 0 larly simple, the prosthesis being seized by two fmgers in the vicinity of 
the central fixing arrangement and deformed in the way of a plug by the 
remaining areas being bent up. "Gathering" the pleats in the central area of 
the prosthesis generates high restoring forces that act against the above- 
mentioned deformation, which works in favour of efficient expansion of 
1 5 the prosthesis in the hernia defect. 

With the concertina pleats being fixed centrally, the layer material can be- 
come wider again as the distance from the fixing arrangement increases so 
that the hourglass configuration of the basic structure in its undeformed 
20 position of rest is produced. Being constricted, the "gusset" in the vicinity 
of the fixing arrangement can be seized easily by the thumb and index fin- 
ger for placement into the hernia defect so that the prosthesis according to 
the invention offers advantages of handling to a surgeon when it is placed. 

25 A fixing arrangement of the concertina pleats that is particularly efficient, 
reliable and easily placed is accomplished when a fixing thread is used in 
accordance with the preferred embodiments of claims 2 to 4. Preferably the 
fixing seam, which is produced by the thread, runs crosswise of the direc- 
tion of extension of the pleats and crosswise of the principal plane of ex- 
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tension of the undeformed prosthesis. The fixing thread preferably consists 
of the same plastic material as the layer-material thread - preferably poly- 
propylene. Then the whole prosthesis consists of entirely uniform basic 
material, which implies considerable simplification of approval, Addition- 
5 ally, with this embodiment that features a fixing seam, producing the pros- 
theses according to the invention only requires manufacturing jobs of con- 
ventional textile fabrication, namely cutting to size, gathering and sewing. 
More complex manufacturing jobs, such as pleating, injection-molding or 
casting, preforming plane blanks into a conical basic structure and the like, 
10 are avoided. The prosthesis is soft and can be draped and also easily sewn 
on to hernia mesh. 

In an alternative embodiment, the substantially two-dimensional basic 
structure of the prosthesis can be shaped into a three-dimensional, plug- 
1 5 type configuration by the neighbouring lateral-edge areas on both sides of 
the constriction being connected preferably by a seam of the same thread 
material as the layer-material thread. In this regard, the "purity of grades" 
of the materials used in the prosthesis is maintained. 

20 In keeping with another preferred embodiment, the implantable prosthesis 
is equipped with a continuous biocompatible coating in the form of surface 
metallization, preferably a coating containing titanium. As a result, the her- 
nia plug according to the invention is particularly well tolerated. Another 
advantage of surface metallization resides in the accompanying hydrophi- 

25 lizing effect on the mesh of the plug, as a result of which the plug, as it 
were, gets sucked to the walls of the hernia defect it is meant to support. 
Mechanical expansion still improves the fixed arrangement of the hernia 
plug in the defect. 
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Finally, fabrication of the hernia plug from single-layer mesh material in 
combination with surface metallization has the advantage that the entire 
mesh surface is kept comparatively well accessible in spite of being pleated 
so that the metallization process, for instance by the aid of a plasma- 
5 enhanced chemical vapour deposition process as known from DE 

199 45 299 A, can be implemented, covering the entire surface and result- 
ing in a complete metallization layer on the plastic material mesh. This still 
improves the tissue compatibility of the hernia plug. 

10 Finally, in another preferred embodiment, provision is made for the layer 
material of the basic structure to be cut to size by the aid of a cutting laser. 
With this being based on a thermal melting process, there is the advantage 
that a cleanly melted margmal area is obtained instead of "fringes" detach- 
ing at the edges. 

15 

For a stronger hernia plug of greater inherent stability to be produced, it 
can be provided, in keeping with another preferred embodiment, that two 
basic structures, which are arranged and fixed in concertina pleats, are 
placed crosswise one on top of the other and connected to each other so 
20 that the basic configuration of the prosthesis is substantially trefoiled. 

Furthermore, when the central pleats are gathered and stitched, excessive 
bulking in the central area of the prosthesis can advantageously be pre- 
vented by use of a blank of oval basic shape provided with lateral constric- 
25 tions. 

Further features, details and advantages of the subject matter of the inven- 
tion will become apparent from the ensuing description of exemplary em- 
bodiments, taken in conjunction with the attached illustrations, in which 
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Fig. 1 is a plan view of a hernia plug; 

Fig. 2 is a diagrammatic cross-sectional view on the line II-II of Fig. 1 ; 

5 

Fig. 3 is a diagrammatic cross-sectional view on the line III-III of Fig. 1 ; 

Fig. 4 is a perspective view of a second embodiment of a hernia plug. 

1 0 As seen in Fig. 1 , the hernia plug illustrated is comprised of meshed layer 
material 1 which is worked into warp-satin texture by warp-knitting from a 
polypropylene monofilament of a thickness of 100 dtex. The grammage of 
that layer material 1 is approximately 60 to 65 g/m^. A centrally hourglass- 
shaped blank 10 of oval basic shape with lateral constrictions 1 1- shown 

15 by a dashed line in Fig. 1 - is produced there-from by laser-beam cutting 
from corresponding sheet material. That blank is arranged in concertina 
pleats 3 in a direction of longitudinal extension 2 that is parallel to the lon- 
gitudinal axis of the oval basic shape, as diagramraatically illustrated in 
Fig. 2. As a result of the constrictions 1 1 in the blank 10, the pleats 3, when 

20 gathered, do not bulk as strongly as if shaped completely ovally . For the 
concertina pleats 3 to be fixed, a fixing seam 4 is then stitched by the aid of 
a monofilament thread 5 centrally as related to the direction of longitudinal 
extension 2, passing through the pleated layers. The thread 5 is identical 
with the filament material that has been worked into the layer material 1 

25 i.e., it consists of the same polypropylene granules and has an identical 
thread thickness of 100 dtex. The direction of sewing N runs crosswise of 
the longitudinal extension 2 (Fig. 1) and of the principal plane H of the ba- 
sic structure 6 (Fig. 2). 
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In a plan view, the basic structure 6, fabricated as described above, is ap- 
proximately hourglass-shaped in its undeformed position of rest - as seen 
in Fig. 1 . Toward the longitudinal ends 7 of the basic structure 6, the cen- 
trally fixed concertina pleats 3 softly extend in more or less two- 
5 dimensional configuration (see Fig. 3). 

After fabrication, the basic structure 6 is provided with a titanium coating 
by means of a prior art plasma enhanced chemical vapor deposition proc- 
ess; the coating covers the entire surface, its specification being detailed in 
1 0 the introductory part of the description. 

Upon clinical use for hernia-defect repair, the basic structure 6 is seized in 
the vicinity of the gusset formed by the fixing seam 4 and pushed into the 
hernia opening. The basic structure deforms into a plug-type insert and ex- 
1 5 pands in the opening owing to the restoring forces that are in particular in- 
herent to the pleats. 

The embodiment, illustrated in Fig. 4, of the hernia plug is directly pro- 
duced from the embodiment according to Figs. 1 to 3 by the adjoining lat- 

20 eral-edge areas, designated by the reference numeral 8 in Fig. 1, being 
overlapped by deformation of the basic structure 6 and one stitched to the 
other in a seam 9 (roughly outlined by dashes in Fig. 4). Thus the basic 
structure is fixed in the plug-type configuration in which it is used for her- 
nia-defect repair. The thread material of the seam 9 is identical with the 

25 material used for the fixing seam 4 in the vicinity of the concertina folds 3, 
as a result of which this embodiment also consists of uniform material. 

After being shaped, the configuration, illustrated in Fig. 4, of the hernia 
plug is provided, in the way described, with a titanium-containing coating 



of a thickness of < 2 nm, preferably 5 to 700 nm. Practical values of coat- 
ing thickness are in the range of 20 to 30 nm. 



